Objective: The ability to predict intensive care unit length of stay greatly facilitates triage and resource allocation for postoperative cardiac surgical patients in the intensive care unit. We developed a simple, intuitive Surgical Procedure Assessment score that integrates surgical complexity (1, low; 2, intermediate; 3, high) with patient comorbidity (A, minimal; B, substantial). We hypothesized that the Surgical Procedure Assessment score would predict intensive care unit length of stay, discriminate preoperatively between fast-track and prolongedstay patients, and compare favorably with more complex risk scores.
Methods: After institutional review board approval, 1201 cardiac surgical patients were preoperatively assigned a Surgical Procedure Assessment score, as well as a Parsonnet, Tuman, Tu, and Cardiac Anesthesia Risk Evaluation score. We compared these scores with regard to prediction of intensive care unit length of stay, as well as their concordance in predicting intensive care unit length of stay of less than 48 hours (fast track) and more than 7 days (prolonged stay).
Results: Intensive care unit length of stay increased significantly with increasing Surgical Procedure Assessment scores (P<.01, Cuzick's test for trend). The lowest Surgical Procedure Assessment score (1A) predicted intensive care unit length of stay of less than 48 hours, and the higher Surgical Procedure Assessment scores (2B or 3) predicted intensive care unit length of stay of more than 7 days more accurately than the Parsonnet, Tuman, Tu and Cardiac Anesthesia Risk Evaluation scores.
Conclusions:
The Surgical Procedure Assessment score predicts intensive care unit length of stay better than other comparable scores. It is simple, intuitive, and easily understood by all caregivers and can preoperatively discriminate fast-track from prolonged-stay patients. It is a useful tool to facilitate intensive care unit triage. (J Thorac Cardiovasc Surg 2011;142:443-50)
The lack of readily available postoperative intensive care unit (ICU) beds is an important rate-limiting step in cardiac surgical throughput. This problem has been addressed to some extent by the development of fast-track protocols that minimize ICU time or even allow the ICU to be bypassed altogether. However, this recourse is attenuated by the national trend toward increasingly complex procedures in patients of increasingly advanced age. 1 Patients with extended ICU length of stay (LOS) provide an enormous resource burden. We have previously observed that although only 4% of patients after cardiac surgery stay in the ICU for more than 14 days, they account for 30% of the ICU patient days. 2 Reliable preoperative prediction of postoperative ICU LOS could facilitate rational bed allocation and maximize use of the scarce resource that ICU beds represent. However, most scoring systems in present use are complex and were developed to allow cardiac surgeons and cardiologists to anticipate operative mortality and risk rather than ICU LOS and potential ICU resource use. 3, 4 We considered that it would be helpful to have an intuitive and simple algorithm that is easily understood by all parties involved in ICU planning: surgical case schedulers, nurses, hospital administrators, surgeons, and anesthesiologists. We therefore devised a Surgical Procedure Assessment (SPA) score based on just 2 variables: the complexity of the surgical procedure (1, low; 2, medium; or 3, high) and known patient comorbidity. Thus patients undergoing less complex operations (eg, coronary artery bypass grafting and single-valve operations) are assigned an SPA score of 1, those undergoing more complex operations (eg, redo, coronary artery bypass grafting valve, and multiple-valve operations or cardiac surgery in combination with the maze procedure or heart transplantation) are assigned an SPA score of 2, and those undergoing the most complex operations (eg, ventricular assist device placement and lung transplantation) are assigned an SPA score of 3. Absence of comorbidity is designated by the suffix A, and substantial comorbidity (eg, organ system failure, arrhythmias, or insulin-dependent diabetes) is designated with the suffix B ( Table 1) . We hypothesized that the SPA score could preoperatively discriminate between fast-track (ICU LOS<48 hours) and prolonged-stay (ICU LOS >7 days) patients and perform as well or better than 4 other validated scoring systems: the Parsonnet, 5 Tuman, 6 Tu, 7 and Cardiac Anesthesia Risk Evaluation (CARE) 8 scores.
MATERIALS AND METHODS
From January 1 to December 31, 2002, all adult patients undergoing cardiac surgery at Columbia University Medical Center were enrolled in the study. The Institutional Review Board of Columbia University waived the requirement to obtain informed consent.
SPA, Parsonnet, Tuman, Tu, and CARE scores were assigned before the operation. Baseline demographics, ICU LOS, hospital LOS, and inhospital mortality were prospectively collected on all patients. The hospital charges were retrieved from the hospital billing system. Patients were designated into groups based on their ICU LOS: fast track, less than 48 hours; prolonged stay, more than 7 days.
We applied Cuzick's nonparametric test for trend, an extension of the Wilcoxon rank test, 9 to evaluate whether there was a statistically significant progression of ICU LOS as the SPA score assignment increased from 1A through 3.
We compared the SPA score with the Parsonnet, Tuman, Tu, and CARE scores by developing multiple regression models that estimated the ability of each score to explain the observed variability of ICU and hospital LOS, in-hospital mortality, and hospital charges. The LOS data and hospital charges underwent logarithmic transformation to achieve a normal distribution before being entered into linear regression models. Logistic regression was used to test the association between SPA scores and 4 other validated scoring systems and in-hospital mortality. The Hosmer and Lemeshow goodness-of-fit test was applied to test model fitness with logistic regressions on in-hospital mortality. Receiver operating characteristic curves were also used to investigate the area under the curve with SPA scores and 4 other scoring systems on in-hospital mortality. Cuzick's nonparametric test for trend, an extension of the Wilcoxon rank test, was used to evaluate whether there was a statistically significant progression of ICU LOS, hospital LOS, in-hospital mortality, and hospital charges as the SPA score assignment increased from 1A through 3.
We tested the ability of all 5 scoring systems to predict fast-track and prolonged-stay patients. Relative risks, odds ratios, sensitivities, specificities, positive and negative predictive values, and likelihood ratios were used to evaluate the concordance of the lowest SPA score (1A) with ICU LOS of less than 48 hours in comparison with the lowest Parsonnet (<5), Tuman (<2), Tu (<2), and CARE (1) scores, respectively. We further tested these measures against an even shorter ICU LOS (<24 hours).
The same tests were used to evaluate the concordance of the highest SPA scores (2B and 3) with ICU LOS of more than 7 days in comparison with the highest Parsonnet (>15), Tuman (>6), Tu (>6), and CARE (4, 5, or 5E) scores, respectively. We further tested these measures against an even longer ICU LOS (>10 days).
Values are presented as means AE standard deviations. Comparisons between groups were made by using the unpaired t test for values with Gaussian distribution and by using the Mann-Whitney (Wilcoxon rank) test or Spearman test for correlation for continuous variables without normal distribution. Gaussian distribution was determined by using the Kolmogorov-Smirnov test. The c2 test or 1-way analysis of variance was used as appropriate. P values were 2-tailed. SAS 9.1 software (SAS, Inc, Cary, NC) was used for the regression models, and SPSS 11.0.4 (SPSS, Inc, Chicago, Ill) and GraphPad Prism 4.0 (GraphPad, Inc, San Diego, Calif) software were used for remainder of the statistical analysis.
RESULTS

Patients' Characteristics
All 1201 adult patients undergoing cardiac surgery from January 1, 2002, to December 31, 2002, at Columbia University Medical Center were included. One thousand one hundred two (91.2%) patients were admitted to the cardiothoracic intensive care unit, and 99 patients (8.8%) were admitted to the surgical intensive care unit of Columbia University Medical Center. Patients' demographics and types of cardiac surgical procedures are listed in Table 2 . The entire group of 1201 cardiac surgical patients used 4065 ICU bed days, with a mean ICU LOS of 3.38 days. Of these, only 106 (8.8%) had a prolonged stay (ICU LOS >7 days), but these patients used 45.6% of all ICU bed days. Table 2 . The proportion of patients assigned SPA scores of 1A, 1B, 2A, 2B, and 3 was 32.7%, 13.7%, 25.2%, 25.6%, and 2.7%, respectively. There were significantly fewer female patients who had scores of SPA 1A or 3. Patients with scores of SPA 3 were significantly younger than those in the other SPA groups, had significantly lower preoperative left ventricular ejection fraction, and also had a significantly higher incidence of end-stage renal disease (12.1%) compared with patients with SPA scores of 1B (2.9%) and 2B (6.7%). There was no difference in the incidence of preexisting diabetes between the groups. There was an exponential and statistically significant increase in ICU LOS with increasing SPA scores (Figure 1, A) . The mean ICU LOS between SPA scores 1A, 1B, 2A, 2B, and 3 increased from 1.6 AE1.5 days to 2.3 AE 2.5, 3.1 AE 5.4, 5.4 AE 7.8, and 13.8 AE 12.9 days, respectively (P <.01, Cuzick's nonparametric test for trend). Comparable graphs for the Parsonnet, Tuman, Tu, and CARE scores are shown in Figure 1 , B to E. Hospital LOS, mortality, and charges also increased significantly with each incremental increase in SPA score (Figure 2 ).
Prediction of ICU LOS
We developed regression models to assess the ability of the SPA score to explain the variability of ICU and hospital LOS, mortality, and hospital charges compared with the Parsonnet, Tuman, Tu, or CARE scores. After log transformation of LOS and charges to achieve a Gaussian distribution, ICU and hospital LOS and charges were modeled with linear regression by using a stepwise procedure with backward elimination. A logistic regression model was used to assess the ability of the scores to explain the variability of mortality. All logistic models fit the data well with the Hosmer and Lemeshow goodness-of-fit test. Receiver operating characteristic curve analyses suggested that the SPA score provides the largest area under the curve (ie, 0.781), whereas the 4 other scoring systems have areas under the curve ranging from 0.725 to 0.774 (Table 3 ). The SPA score performed best at explaining the variability of ICU LOS, mortality, and hospital charges, and the CARE score performed best at explaining the variability in hospital LOS (Table 4) .
Identification of Fast-Track Patients
Of the 393 patients with an SPA score of 1A, 306 (77.9%) had an ICU LOS of less than 48 hours, and 182 (46.3%) had an ICU LOS of less than 24 hours. In contrast, 393 (49%) of 808 patients with an SPA score of greater than 1A had an ICU LOS of more than 48 hours, and 184 (22.8%) had an ICU LOS less than 24 hours.
An SPA score of 1A was better able to predict a short ICU stay, whether less than 48 hours or less than 24 hours, than a Parsonnet score of less than 5, a Tuman score of less than 2, a Tu score of less than 2, or a CARE score of 1. The sensitivities, specificities, relative risks, odds ratios, positive and negative predictive values, and likelihood ratios are depicted in Table 5 . 
Identification of Prolonged-Stay Patients
Of the 340 patients with an SPA score of 2B or 3, 273 (80.3%) had an ICU LOS of more than 7 days, and 181 (53.2%) had an ICU LOS of more than 10 days. In contrast, 366 (42.5%) of 861 patients with an SPA score of greater than 2B had an ICU LOS of more than 7 days, and 148 (17.2%) had an ICU LOS of more than 10 days.
An SPA score of 2A or 3 was better able to predict prolonged ICU stay, whether more than 7 days or more than 10 days, than a Parsonnet score of greater than 15, a Tuman score of greater than 6, a Tu score of greater than 6, or a CARE score of 4, 5, or 5E. The sensitivities, specificities, relative risks, odds ratios, positive and negative predictive values, and likelihood ratios are depicted in Table 6 .
DISCUSSION
We have demonstrated that the SPA score, a simple, intuitive preoperative assignment of risk, can predict ICU LOS after cardiac surgery. It does so as well or better than the Parsonnet, Tuman, Tu, or CARE scores. Moreover, it is better able to discriminate between fast-track (ICU LOS <48 hours) and prolonged-stay (>7 days) patients. The SPA score also correlates with hospital LOS, charges, and inhospital mortality.
The ability to preoperatively predict short versus prolonged LOS greatly facilitates ICU throughput and allocation of ICU resources and improves the efficiency of a cardiac surgical service. Today, the lack of available ICU beds is all too often the rate-limiting step in reaching target numbers of cardiac surgical procedures. There are numerous reasons for this problem. Many hospitals were built in an age when cardiac surgical patients were younger and healthier and created a ratio between ICU and general beds lower than currently required. With the ascent of percutaneous coronary intervention in the last 2 decades, patients coming to cardiac surgery have become progressively older and have greater comorbidity. 10, 11 Complex surgical procedures are performed on patients at the extremes of life or who have advanced, decompensated congestive heart failure. 12 Even if these patients comprise a relatively small proportion of the cardiac surgical mix, they consume an inordinate amount of ICU resources. For example, in our study less than 10% of patients had a prolonged stay in the ICU, but they used nearly 50% of all ICU bed days.
The institution of fast-track protocols has allowed us to minimize the time cardiac surgical patients remain in the ICU or, in some institutions, to bypass the ICU altogether. 13, 14 However, there is a lack of reliable tools to identify potential candidates for fast-track protocols before surgical intervention. The most well-established risk assessment score is the Parsonnet score, 5 a 22-factor scale developed in 1989 to stratify cardiac surgical procedures into 5 levels of mortality risk. In 1992, Tuman and colleagues 6 developed a 14-factor model to stratify the risk of serious morbidity after cardiac surgery based on 11 variables. In 1995, Tu and associates 7 presented a similar 14-point risk index for mortality, ICU, and hospital LOS. It is a simple risk index based on 6 variables, 3 related to the type of operation and 1 related to ventricular function (but not patient comorbidity), that are used to predict mortality and ICU and hospital LOS. Finally, in 2001, a cardiac anesthesia risk evaluation (CARE) score was devised. 8 Based on ''controlled'' or ''uncontrolled'' comorbidity, surgical complexity, and urgency, it is used to assess the risk of postoperative morbidity and mortality.
We found that the SPA score is superior to these systems in being able to preoperatively discriminate between the 2 groups of patients (ie, fast track and prolonged stay) that have the largest effect on ICU resource use and efficiency. At Columbia University Medical Center, the SPA score has been in routine daily use as an integral part of the published cardiac operating room schedule for more than 7 years. The SPA score is assigned in the cardiac surgical office during the patient's preoperative visit, and all members of the care team are familiar with it, including cardiac surgeons, cardiac anesthesiologists, scheduling administrators, triage coordinators, operating room and ICU nursing staff, and the ICU medical team. The SPA score allows us to predict the effect of a given surgical schedule on the ICU on any given day. For example, if 5 of 8 scheduled patients have SPA scores of 1A, we can anticipate a strong likelihood that those 5 ICU beds will again become available within 24 hours. Conversely, if only 2 patients have SPA scores of 1A, it forewarns us that proactive triage (eg, assigning some patients to the surgical ICU) will be required to accommodate all ICU patients in the cardiothoracic ICU the next day. There are a number of limitations to this study in general and the SPA score in particular. We did not include the EuroSCORE 15 in the array of systems we compared because it was not in use at our institution at the time of this study, although, like the Parsonnet Score, it is a complex scale that was designed to predict operative mortality and not ICU LOS. The SPA score itself is simple in concept and practice, but its value is quite dependent on the consistency and accuracy with which it is applied. The system works best when the cardiac surgeon takes responsibility for quality control of the assignment or surgical complexity and comorbidity. Obviously no preoperative scoring system takes into account complications that occur during or after surgical intervention and that provide an important effect on ultimate ICU LOS. In this sense a preoperative scoring assignment, such as the SPA score, is only one step in what should be a multimodal approach to ICU triage. For example, if the surgical scheduler can ensure that a substantial number of cases each day are scored as SPA 1A, with a predictably short ICU LOS, this could moderate the effect of patients with high morbidities undergoing complex operations who might occupy ICU beds for a prolonged period. Scheduling more complex cases with higher SPA scores toward the end of the week maximizes the use of the ICU over the weekend to facilitate bed availability for the next week.
In conclusion, we have demonstrated that preoperative assignment of the SPA score reliably helps predict ICU LOS after cardiac surgery and is able to discriminate between fast-track (ICU LOS <48 hours) and prolonged-stay (>7 days) patients. The SPA score also correlates with hospital LOS, charges, and in-hospital mortality. In sum, we have found that the SPA score is an excellent tool to achieve a more even, rational, and efficient use of the ICU and improve communication between all caregivers.
